Introduction {#S0001}
============

In spite of numerous postoperative analgesic strategies, pain may persist after a surgical procedure, resulting in the unrecognized complication of chronic postsurgical pain (CPSP). According to the International Association for the Study of Pain, CPSP is considered to be persistent or intermittent for ≥3 months following surgery.[@CIT0001] CPSP can impair daily activities and reduce the health-related quality of life, and can occur in 10--65% of postoperative patients depending on the type of surgery, with 2--10% of these patients suffering from severe chronic pain.[@CIT0002]--[@CIT0005] Persistent pain has been described after limb surgery,[@CIT0006] hernia operation,[@CIT0007] cesarean section,[@CIT0008] sternotomy,[@CIT0009] breast surgery,[@CIT0010] and thoracotomy.[@CIT0011]

Although hysterectomy is one of the most common surgical options worldwide, few studies have focused on chronic pain after hysterectomy.[@CIT0012] As even a low prevalence of CPSP following hysterectomy may result in significant public-health problems, close attention must be paid to these consequences.

Laparoscopic hysterectomy (LH) is becoming more common and has been used to replace conventional surgical procedures. This surgical approach is associated with a lower prevalence of perioperative morbidity and faster return to normal activities when compared with conventional open surgery. Laparoscopy has been considered a type of minimally invasive surgery for patients undergoing hysterectomy.[@CIT0013],[@CIT0014] Between 2005 and 2013, the percentage of abdominal hysterectomy (AH) for benign indications has declined from 59% to 22%.[@CIT0015] Although minimally invasive surgery can reduce the prevalence of CPSP after inguinal hernia repair and axillary dissection,[@CIT0005],[@CIT0016] there is far less information available regarding the prevalence of CPSP in patients receiving LH in comparison with those receiving AH.

We aimed to compare the prevalence and characteristics of chronic pain between LH and AH groups 3, 6, and 12 months after surgery, and to assess the impact of pain on the activities of daily living (ADL) in these patients.

Methods {#S0002}
=======

Ethical Approval of the Study Protocol {#S0002-S2001}
--------------------------------------

Ethical approval (registration number: 2013--61) was obtained from the Ethics Committee of the First Affiliated Hospital of Chongqing Medical University (Chongqing, China). This study was conducted according to guidelines set in the Declaration of Helsinki. All participants provided written informed consent before study enrolment.

Inclusion and Exclusion Criteria {#S0002-S2002}
--------------------------------

The inclusion criteria were age \>18 years and the ability to communicate in Mandarin. The exclusion criteria were an inability to provide informed consent, a malignant indication for hysterectomy, mental illness, and an inability to attend telephone or personal interviews.

Study Design and Participants {#S0002-S2003}
-----------------------------

This prospective cohort study was carried out between July 2014 and June 2015. We enrolled patients scheduled for elective LH or elective AH from the hospital ward at our institution 1 day before or on the day of the surgical procedure. Patients were interviewed in-person by a trained investigator preoperatively and 24-h postoperatively. Follow-ups were carried out through telephone interviews 3, 6, and 12 months after surgery. The intraoperative data of each patient were acquired from her medical record.

Preoperative Questionnaire {#S0002-S2004}
--------------------------

Patients were administered questionnaires focusing on demographic and medical variables after gynecological admission. Questions regarding, age, marital status, education level, employment status, number of pregnancies, previous abdominal/pelvic surgery, vaginal/cesarean delivery, preoperative pelvic pain, pain in other body regions, and indication for hysterectomy were included. Marital (married/unmarried) and employment (employed/unemployed/retired) statuses were dichotomized. Education level was divided into three groups (high school diploma or below; professional diploma; university/postgraduate degree). The height and weight measured during surgical admission were used to calculate the body mass index.

Surgical Variables {#S0002-S2005}
------------------

Based on the type of surgical procedure scheduled, patients were categorized into LH group and AH group. The type of hysterectomy was selected by the attending gynecologist according to international recommendations.[@CIT0017]

AH was carried out through a transverse incision (except for patients with a prior vertical incision). The procedure was undertaken using an extrafascial technique with clamps and suture ligation. After uterus removal, the vaginal cuff was closed continuously with an absorbable suture. For LH, a three-port technique was applied. Pneumoperitoneum was established by insufflation of CO~2~ with the pressure limited to 12 mmHg. Both relations of the uterus and vaginal complex were cut by bipolar electrocautery. The specimen was removed through the vagina. The procedure was completed with closing the vaginal cuff by a laparoscopic intracorporeal approach. Intraoperative variables (duration of the procedure, blood loss, and uterus weight) were acquired from the operating-room record.

Anesthesia Variables {#S0002-S2006}
--------------------

General anesthesia was performed in accordance with the protocol used routinely in our department. Premedication was not given. In the operating room, routine monitoring (electrocardiography, noninvasive monitoring of blood pressure, pulse oximetry) was undertaken for all patients. General anesthesia was induced along with endotracheal intubation by intravenous injection of propofol (2 mg/kg), sufentanil (0.2--0.4 μg/kg) and rocuronium (0.6--0.9 mg/kg). Anesthesia was maintained through inhalation of sevoflurane in 40% O~2~. Mechanical ventilation was undertaken to establish an end-tidal CO~2~ of 35--45 mmHg. Sufentanil and rocuronium were injected intermittently if needed. A body temperature of \>36°C was maintained in the two groups during the surgical procedure. All patients received parecoxib sodium (40 mg, i.v.) and ondansetron (4 mg, i.v.) 30 min before the end of the surgical procedure. According to standard criteria, patients were extubated in the operating room and then transferred to the post-anesthesia care unit (PACU). Upon arrival at the PACU, patient-controlled analgesia (tramadol, i.v.) was administered through an infusion pump (Rythmic™ Evolution; Micrel, Athens, Greece) to relieve postoperative pain. Patients were monitored every 6 h for 24 h for pain management, tramadol administration, and related adverse effects.

Assessment of Acute Pain {#S0002-S2007}
------------------------

Patients were visited at 24 h after surgery. The pain intensity of patients was evaluated with regard to average pain at rest and during movement within 24 h using the numerical rating scale (NRS). Specifically, 0 points indicated "no pain" and 10 points indicated "the worst pain imaginable".

Definition of Chronic Pain {#S0002-S2008}
--------------------------

Chronic pain was characterized by pain that had persisted beyond the regular healing time (3 months), along with a NRS value of \>0 at rest and/or during movement. The number of patients who reported chronic pain in the week before the survey was used to define point prevalence.

Assessment of Chronic Pain {#S0002-S2009}
--------------------------

At 3, 6, and 12 months after the surgical procedure, patients were followed up with a telephone interview lasting ≤15 min. CPSP was determined by the short-form Brief Pain Inventory (BPI), a self-reporting questionnaire for describing postoperative pain experiences in adults after a major surgical procedure.[@CIT0018],[@CIT0019] This questionnaire contains four questions on pain severity and seven questions on pain interference with the ADL.

The items of pain severity were represented by the NRS. Pain experiences at rest and during movement were rated in the week before the survey. The sub-scales of pain severity were classified as 0 ("no pain"), 1--3 ("mild"), 4--6 ("moderate"), and 7--10 ("severe"). Besides, the frequency and specific locations of pain as well as analgesic administration were asked for each patient. The seven items relating to pain interference with the ADL were calculated by NRS values, where 0 points indicated "no interference" and 10 points indicated "complete interference". Specifically, these seven items were general activity, mood, walking, work, relationships with others, sleep, and enjoyment of life.

Statistical Analysis {#S0002-S2010}
--------------------

Based on previous findings that CPSP develops after approximately 25% of AH procedures,[@CIT0020],[@CIT0021] we determined that we would need to enroll 167 patients in each group to detect a 12% difference between the groups with 0.80 power at an alpha level of 0.05. With an estimated dropout rate of 20%, 209 patients in each group were needed.

The data were tested for normality before analyses. Continuous variables with a normal distribution are presented as the mean ± standard deviation, and were tested by the independent samples *t*-test. Other continuous data are expressed as median (range) and were analyzed using the Mann--Whitney *U*-test. Categorical data are presented as the number of patients and percentages. Differences between categorical variables were compared using chi-square and Fisher's exact tests. *P* \< 0.05 was considered significant. Statistical analyses were conducted using SPSS v18.0 (IBM, Armonk, NY, USA).

Results {#S0003}
=======

From July 2014 to June 2015, 520 patients scheduled for LH or AH were screened for eligibility. Twenty-one patients declined participation and 28 surgical procedures were canceled. Thus, 259 patients who underwent LH and 212 patients who underwent AH were included. Between the first follow-up visit and 12-month telephone interview, 65 patients dropped out. As a result, data from 406 patients (225 patients in the LH group and 181 patients in the AH group) were included for assessment. [Figure 1](#F0001){ref-type="fig"} shows patient flow starting from recruitment until 12-month assessment.Figure 1Flowchart of participants throughout the study.

[Table 1](#T0001){ref-type="table"} summarizes the demographic characteristics, along with information on the surgical procedure, analgesia and postoperative pain control. The indications for hysterectomy were not significantly different between the two groups. Based on the definition in our study, 47 (20.9%) patients in the LH group and 37 (20.4%) patients in the AH group exhibited the features of CPSP 3 months after the surgical procedure. At 6 months after surgery, the prevalence of pain decreased to 11.6% (26 out of 225) in the LH group and 9.4% (17 out of 181) in the AH group. At 12-month follow-up, only 13 (5.8%) patients in the LH group and 11 (6.1%) patients in the AH group complained about persistent postoperative pain. The prevalence of CPSP 12 months after surgery was not significantly different between the two groups ([Table 1](#T0001){ref-type="table"}).Table 1Perioperative Variables of LH vs AH GroupsVariableLH (n=225)AH (n=181)PAge (years, mean ± SD)44.0±7.243.2±6.80.254Height (cm, mean ± SD)158.6±4.1158.5±4.30.779Weight (kg, mean ± SD)58.7±7.358.0±7.80.308Body mass index (kg/m^2^, mean ± SD)23.3±2.823.1±2.90.325Marital status, n (%)0.214 Married195 (86.7)148 (81.8) Unmarried30 (13.3)33 (18.2)Employment status, n (%)0.249 Employed114 (50.7)106 (58.6) Unemployed76 (33.8)54 (29.8) Retired35 (15.6)21 (11.6)Education level, n (%)0.626 ≤High school diploma17 (7.6)10 (5.5) Professional school diploma151 (67.1)120 (66.3) University/postgraduate degree57 (25.3)51 (8.2)Number of pregnancies (n, mean ± SD)3.5±1.33.5±1.30.819Previous abdominal or pelvic surgery, n (%)31 (13.8)30 (16.6)0.485Previous vaginal delivery, n (%)145 (64.4)119 (65.7)0.834Previous cesarean delivery, n (%)91 (40.4)71 (39.2)0.839Preoperative pelvic pain, n (%)67 (29.8)58 (32.0)0.666Preoperative pain in other body regions, n (%)20 (8.9)10 (5.5)0.253Main indication for hysterectomy, n (%)0.340 Leiomyoma148 (65.8)114 (63.0) Menorrhagia and/or metrorrhagia37 (16.4)22 (12.2) Endometriosis13 (5.8)16 (8.8) Cervical dysplasia20 (8.9)24 (13.3) Other7 (3.1)5 (2.8)ASA physical status, n (%)0.786 I143 (63.6)120 (66.3) II73 (32.4)53 (29.3) III9 (4.0)8 (4.4)Duration of surgery (min, mean ± SD)121±23124±200.188Blood loss (mL, mean ± SD)95±40112±38\<0.001Weight of uterus (g, mean ± SD)181±105176±1120.679Average pain intensity at rest within 24 h after surgery (mean ± SD)1.7±0.61.7±0.60.632Average pain intensity on movement within 24 h after surgery (mean ± SD)3.3±0.84.1±1.3\<0.001Pain at 3 months, n (%)47 (20.9)37 (20.4)0.912Pain at 6 months, n (%)26 (11.6)17 (9.4)0.767Pain at 12 months, n (%)13 (5.8)11 (6.1)0.404[^1]

The severity and frequency of CPSP are presented in [Table 2](#T0002){ref-type="table"}. Notably, mild pain at rest was observed among most patients with CPSP in the two groups 12 months after surgery. At 3 months after surgery, approximately 50% of those with persistent pain in the two groups exhibited moderate-to-severe pain during movement. No patient in either group experienced severe persistent pain 12 months after surgery. Moreover, the average NRS pain score at rest and during movement was not significantly different between the two groups 3, 6, or 12 months after surgery. Among patients with CPSP, the prevalence of analgesic administration was not significantly different between the two groups 3, 6, or 12 months after surgery. In both groups, pain occurred several times a week or even every day in most patients with CPSP 3 months after surgery. At 6 months after surgery, pain occurred once or several times a week in \~60% of patients with CPSP in the two groups. At 12 months after surgery, approximately two-thirds patients of patients with CPSP in the LH group and one-third of patients with CPSP in the AH group reported pain occurring once a week and less than once a week, respectively. The two most common sites of CPSP in the two groups were the pelvis and incision site, followed by lower back, vagina and groin ([Table 2](#T0002){ref-type="table"}).Table 2Characteristics of Pain 3, 6 and 12 Months After SurgeryPain at 3 MonthsPain at 6 MonthsPain at 12 MonthsLH (n=47)AH (n=37)PLH (n=26)AH (n=17)PLH (n=13)AH (n=11)P**Pain severity** Pain at rest in past weekNRS score (mean ± SD)2.4±1.12.6±1.00.4261.7±0.81.9±0.90.4901.5±0.71.6±0.90.5950.8770.6530.267Mild pain, n (%)35 (74.5)27 (73.0)24 (92.3)15 (88.2)13 (100)10 (90.9)Moderate pain, n (%)12 (25.5)10 (27.0)2 (7.7)2 (11.8)01 (9.1)Severe pain, n (%)000000 Pain during movement in past week NRS score (mean ± SD)3.6±1.34.2±1.40.0742.7±0.93.1±1.40.2722.5±0.72.8±0.80.3420.9580.2780.439 Mild pain, n (%)25 (53.2)19 (51.4)20 (76.9)10 (58.8)12 (92.3)9 (81.8) Moderate pain, n (%)19 (40.4)16 (43.2)6 (23.1)6 (35.3)1 (7.7)2 (18.2) Severe pain, n (%)3 (6.4)2 (5.4)01 (5.9)00**Analgesic required, n (%)**13 (27.7)12 (32.4)0.6355 (19.2)4 (23.5)0.7352 (15.4)2 (18.2)0.855**Pain frequency, n (%)**0.7720.9550.474 Constantly5 (10.6)7 (18.9)2 (7.7)2 (11.8)01 (9.1) Daily22 (46.8)15 (40.5)7 (26.9)3 (17.6)2 (15.4)2 (18.2) Several times/week13 (27.7)11 (29.7)13 (50.0)9 (52.9)2 (15.4)4 (36.4) Once a week4 (8.5)3 (8.1)3 (11.5)2 (11.8)6 (46.2)3 (27.3) Less than once a week3 (6.4)1 (2.7)1 (3.8)1 (5.9)3 (23.1)1 (9.1)**Main location of pain, n (%)**0.3430.6950.835 Area of incision15 (31.9)20 (54.1)7 (26.9)5 (29.4)4 (30.8)3 (27.3) Pelvis22 (46.8)10 (27.0)8 (30.8)6 (35.3)5 (38.5)4 (36.4) Low back4 (8.5)2 (5.4)5 (19.2)3 (17.6)2 (15.4)2 (18.2) Vagina3 (6.4)2 (5.4)4 (15.4)2 (11.8)1 (7.7)1 (9.1) Groin2 (4.3)1 (2.7)2 (7.7)001 (9.1) Other1 (2.1)2 (5.4)01 (5.9)1 (7.7)0[^2]

Among the patients with CPSP in the two groups, mood and life enjoyment were the domains most affected by pain 3 months after surgery. At 6 months after surgery, the most crucial interference of pain was mood and relationships with other people in patients with CPSP in the two groups. At 12 months after surgery, the impact of pain on normal work, mood and social relationships was obvious among patients with CPSP in the LH group, whereas social relationships and life enjoyment were the domains most affected by CPSP in the AH group ([Table 3](#T0003){ref-type="table"}).Table 3The Activities of Daily Living Affected by Chronic Pain, and the Extent of the Perceived InterferenceActivity3 Months After Surgery6 Months After Surgery12 Months After SurgeryPatients who stated that pain had some effect on this activity (n, %)NRS score (mean ± SD)Patients who stated that pain had some effect on this activity (n, %)NRS score (mean ± SD)Patients who stated that pain had some effect on this activity (n, %)NRS score (mean ± SD)LH\
(n=47)AH\
(n=37)PLH\
(n=47)AH (n=37)PLH\
(n=26)AH\
(n=17)PLH\
(n=26)AH (n=17)PLH\
(n=13)AH (n=11)PLH\
(n=13)AH (n=11)PGeneral activity33 (70.2)27 (73.0)0.7812.3±1.82.7±2.00.36715 (57.7)9 (52.9)0.7591.4±1.41.7±2.00.4806(46.2)5(45.5)0.9731.1±1.31.0±1.20.883Mood40 (85.1)33 (89.2)0.5822.6±1.63.1±1.40.16220 (76.9)12 (70.6)0.6421.7±1.11.7±1.40.8277 (53.8)5 (45.5)0.6821.3±1.31.2±1.50.827Walking ability31 (66.0)28 (75.7)0.3331.7±1.52.1±1.50.27413 (50.0)9 (52.9)0.8501.0±1.21.0±1.30.8104 (30.8)3 (27.3)0.8510.6±1.00.7±1.30.815Normal work29 (61.7)31 (83.8)0.0261.6±1.42.3±1.50.02115 (57.7)10 (58.8)0.9411.1±1.11.2±1.30.6637 (53.8)5 (45.5)0.6821.1±1.30.7±1.00.480Relations with other people35 (74.5)27 (73.0)0.8772.0±1.41.9±1.40.79820 (76.9)13 (76.5)0.9731.6±1.21.4±1.00.5747 (53.8)6 (54.5)0.9731.0±1.10.9±0.90.830Sleep33 (70.2)27 (73.0)0.7812.0±1.62.1±1.70.70517 (65.4)10 (58.8)0.6631.2±1.11.2±1.30.9045 (38.5)4 (36.4)0.9160.9±1.40.6±0.90.564Enjoyment of life41 (87.2)33 (89.2)0.7842.7±1.62.9±1.50.67118 (69.2)12 (70.6)0.9251.7±1.41.6±1.40.8806 (46.2)6 (54.5)0.6821.0±1.21.4±1.50.509[^3]

Discussion {#S0004}
==========

We found that the prevalence and intensity of chronic pain did not differ in patients who underwent AH or LH during 12 months after surgery, despite the obvious difference between a laparoscopic and abdominal procedure. Whether a laparoscopic procedure can reduce the risk of CPSP following hysterectomy or inguinal hernia repair,[@CIT0022] cholecystectomy,[@CIT0023] nephrectomy,[@CIT0024] or thoracotomy[@CIT0025] is not known. A possible explanation for such discrepancies is that nerve injury has an essential role in CPSP pathophysiology after breast surgery and inguinal herniorrhaphy, whereas a visceral component (instead of nerve injury) may lead to CPSP following intra-abdominal and intrathoracic procedures, regardless of the type of surgery.[@CIT0003],[@CIT0024]--[@CIT0026]

On the other hand, the average pain intensity measured by the NRS during movement within 24 h after surgery was markedly lower in patients who underwent LH compared with those who underwent AH. This difference may have been due to self-administration of analgesics to control pain. Through patient-controlled analgesia, the pain during movement remained an important barrier. Several studies have compared laparoscopic surgery for treatment of gynecologic diseases with abdominal or vaginal procedures, and their results support our findings.[@CIT0027]--[@CIT0029] The differences in the pain scores may have been due to two main reasons. First, laparoscopic surgery involves electrosurgical instruments for coagulation and dissection, whereas abdominal procedures involve clamps, scissors, and tying knots. Therefore, similar to other open procedures, AH can induce a wide variety of inflammatory reactions.[@CIT0030],[@CIT0031] Second, a conventional incision is subject to greater tension forces, which may result in more severe acute pain.[@CIT0032]

The pathogenic mechanisms underlying the transition from acute pain to chronic pain after surgery are largely unknown. The nervous system is sensitized in response to noxious stimuli, but this response returns to normal after healing. In certain cases, the sensitization persists, and this may result in chronic pain.[@CIT0003] Yarnitsky et al[@CIT0033] suggested that a low efficiency of diffuse noxious inhibitory control is related to chronic post-thoracotomy pain, reflecting individual differences in the endogenous analgesic system.

We found that the prevalence of chronic pain after hysterectomy was about 20%, 10%, and 6% at 3, 6, and 12 months after surgery. The prevalence of chronic pain reduced over time in patients who underwent LH or AH, data that are consistent with the findings of other scholars.[@CIT0034],[@CIT0035] One could speculate that spontaneous remission of chronic pain is natural because only two cases in each group were administered an analgesic for CPSP 12 months after surgery. On the other hand, pelvic pain is common among fertile women and, thus, post-hysterectomy pain may indicate pain in the general population.[@CIT0036] The prevalence of chronic pelvic pain among females aged 18 years to 49 years have has been reported to be 24.0% in the UK population[@CIT0037] and 14.7% in the US population.[@CIT0038]

Only a small proportion of patients with CPSP suffered severe pain at rest. Moderate and severe pain during movement was found in nearly 50% of patients with CPSP 3 months after LH or AH, and this percentage was reduced at 6 months and 12 months after surgery. The values for pain severity observed in our study are similar to those of other studies.[@CIT0034],[@CIT0035],[@CIT0039],[@CIT0040] In view of the different methods used for pain assessment, our data should be interpreted with caution.

We discovered that CPSP exerted a negative impact on the ADL in patients who underwent AH or LH. Notably, chronic pain displayed predominant effects on general activity, mood and enjoyment of life, which may lead to impaired health-related quality of life among these patients. Besides, a psychic component may have been involved in the repercussion of chronic pain.

The strengths of our study were its prospective study design, consecutive sampling, and use of a validated measurement tool for pain assessment. Unlike other retrospective studies, which are dependent on a patient's recall of events occurring months (or even years) after surgery, the patients in our study were requested to assess pain during their interview, but not recall previous pain experiences. Besides, randomization of the surgical procedures would not be ethical in these patients because the time taken to recover from laparoscopy may be more rapid. Hence, the type of surgical procedure was chosen based on the preference of the patient or surgeon.

Our study had three main limitations. First, the study cohort was restricted to people with non-malignant disease, so our findings may not reflect all patients who underwent hysterectomy. However, we chose this group to exclude patients with cancer-related pain. Second, our analysis was dependent upon self-reporting by patients, and quantitative sensory testing and physical examination were not taken into account. Finally, the follow-up period was limited to the first 12 months after surgery, so a more valid conclusion on long-term pain outcomes could not be drawn according to the definition of CPSP.

Conclusion {#S0005}
==========

This prospective study demonstrated that the prevalence and pain intensity of CPSP were not significantly different between patients who underwent LH or AH throughout the 12 months after surgery. There was a tendency towards a reduction in chronic pain over time, and only a small percentage of patients exhibited CPSP 12 months after surgery. Our findings reveal that chronic pain after hysterectomy can have negative effects on the ADL of patients.
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[^1]: **Abbreviations:** LH, laparoscopic hysterectomy; AH, abdominal hysterectomy; ASA, American Society of Anesthesiologists.

[^2]: **Abbreviation:** NRS, numerical rating scale.

[^3]: **Abbreviations:** LH, laparoscopic hysterectomy; AH, abdominal hysterectomy; NRS, numerical rating scale.
